Abstract Objectives: To evaluate the current status of ureteroscopic lithotripsy (UL) for treating renal calculi of >2 cm, as advances in flexible ureteroscope design, accessory instrumentation and lithotrites have revolutionised the treatment of urinary calculi. While previously reserved for ureteric and small renal calculi, UL has gained an increasing role in the selective management of larger renal stone burdens.
Introduction
The treatment of urinary calculi has advanced considerably with the development of instruments and techniques. Most patients with renal and ureteric calculi presenting to a urologist require treatment. The cur-rently available options include ESWL, percutaneous nephrolithotomy (PCNL), and ureteroscopic lithotripsy (UL). Open and laparoscopic surgery are reserved for rare, special cases [1, 2] .
Once the decision to treat the stone has been made there must be a decision on which technique to use. This is based on the success and the morbidity of any individual procedure, which in turn is based on the location and size of the stone, as well as the patient's comorbidities. While ESWL is the least invasive approach it is also generally the least successful [3] . Percutaneous approaches are typically used for treating large renal stones. PCNL is associated with a higher success rate but it also has a higher complication rate [4, 5] . The success of UL within the ureter has been transferred to the kidney and become widely accepted [6, 7] . It has had some limitations for large stones, which have been investigated more widely recently. Here we review previous reports to define the status of UL for renal calculi of >2 cm in diameter.
Methods
We systematically reviewed reports in English using a search of the standard databases PubMed, Google Scholar and Scopus. Full-text papers between 1983 and 2012 were included. We also used our ongoing bibliography of pertinent reports. Keywords included 'ureteroscopy', 'lithotripsy', 'renal calculi', and 'calculi >2 cm'. The articles retrieved were reviewed to consider the number of patients, the mean size of the stones, the success rate after one, two or three procedures, and the indications and complications if reported.
We accepted the authors' definition of success, whether it was stone-free or fragments of <2, <3, or <4 mm. We also accepted their defining study of plain abdominal radiography, IVU, ultrasonography or CT, or a 'second look' ureteroscopy.
Results
Nine studies met the inclusion criteria [8] [9] [10] [11] [12] [13] [14] [15] [16] ; collectively in these series, 417 patients were treated ureteroscopically for stones of >2 cm in diameter. Some studies subdivided them further for stones of >3 cm. Various reports presented the data in different forms, some of which could not be reformatted into the selected format. Different criteria for success were used in some papers and we did not subdivide them.
The success in clearing stones ureteroscopically varied by the number of procedures and by the size of the stones (Table 1 ) [8] [9] [10] [11] [12] [13] [14] [15] . In each series the success increased as patients were treated in one to three episodes. The mean (range) success rate after one procedure was 88.2 (23-84)%. After a second procedure the success rate was 79-91%. All series reported a success rate of >90% after three procedures. Overall, the mean success rate was 94.4% with a mean of 1.2-2.3 procedures per patient.
The definition of successful treatment also varied among studies. Most commonly success was defined as stone-free or residual fragments of < 3 mm. There was a wide variation in success rate related to this definition. Hyams et al. [13] showed that the defined success increased from 47% for stone-free to 66% for fragments of 0-2 mm and 83% if fragments of <4 mm were acceptable.
The duration of the procedures is also summarised in Table 1 [9] [10] [11] [12] [13] [14] [15] . The range among the series reporting this information was 25-240 min, and the mean ranged from 66 to 135 min. In one series the duration of the procedure was separated into those for stones of 2-3 cm, which was 70 min, and those of >3 cm, which was 135 min [9] .
The overall complication rate was 10.3%, which included six (1.4%) intraoperative complications and 37 (8.9%) postoperative complications ( Table 2 ) [8] [9] [10] [11] [12] [13] [14] [15] [16] . Although the vast majority of postoperative incidents were minor, five major complications were reported. This included one patient with haematuria requiring endoscopic treatment. Two patients developed obstructive pyelonephritis, again requiring treatment. One patient did not comply with the prescribed preoperative antibiotics and developed bacteraemia. Last, a cerebral vascular accident developed after surgery in one patient who had a strong history of vascular disease. Most series reported specific indications for using a ureteroscopic procedure (Table 3 ) [8] [9] [10] [11] [12] [13] [14] [15] . Among the summarised series the most common indication (46%) was a failed previous treatment, which included ESWL, endoscopic or medical treatment. The next most common indications were comorbidities (18.2%) and technical and anatomical indications (12.3%). In one series [12] all patients were treated at the surgeon's preference and another noted that the patient's preference was the basis for treatment in 48% of patients [13] .
Discussion
The success reported with UL for large renal calculi has improved as a result of the continual development of instruments and techniques. UL has been used for treating ureteric stones since its first introduction. The earliest ureteroscopes were rigid and 12-13 F, with only a rigid ultrasonic probe available [17] . As small-diameter rigid endoscopes and smaller flexible ureteroscopes were developed the success rate increased for treating stones in the proximal ureter and the intrarenal collecting system [18] .
A major step in instrumentation was the introduction of the pulsed-dye and then the holmium lasers. These were found to be safe to use in the ureter and throughout the intrarenal collecting system [19] [20] [21] . One drawback is that the fibre must be in contact or extremely close to the targeted stone.
The electrohydraulic lithotripter (EHL) has probes as small as 1.7-1.9 F, which are extremely flexible and do not limit endoscope deflection. EHL yields excellent fragmentation and does not require direct contact with the stone. However, it must be used with caution, to avoid intrarenal bleeding [16] . Mariani [22] used it as the primary lithotripter in his series of intrarenal calculi, with favourable outcomes.
The working devices continued to develop; prominent among these are the Nitinol basket, which is more flexible than stainless-steel baskets and easier to use than wire-pronged graspers. It is easy to engage and disengage with this basket. Therefore, it could be used in the entire collecting system [23] [24] [25] .
Lower-pole calculi pose a unique challenge for UL. Traditionally, PCNL has been considered advantageous for treating large lower-pole stones, but recent series showed that UL achieves comparable outcomes [26] . Again, this has become possible with advances in ureteroscope design, accessory instrumentation and improved techniques. Smaller calibre flexible ureteroscopes with improved deflection characteristics allow the endourologist to reach nearly all areas of the intrarenal collecting system. Furthermore, small-diameter laser fibres (200 lm) are now available which minimally limit ure- teroscope deflection. More flexible working devices are also being developed [26] . Additional strategies for lower-pole calculi include use of alternative lithotrites such as EHL and use of a basket for stone relocation. Among the studies included in this review, 105 patients of 412 had strictly lower-pole stones. An additional 91 patients had multifocal stones, which presumably included some patients with a lower-pole component. However, most studies only reported the overall stone-free rates. Of the three studies that stratified stone-free rates based on stone location, the reported lower-pole stone clearance rate was 83-100% [11, 14, 16] . While multiple procedures might be required, the final outcome can be equivalent to that of PCNL but with a lower risk of morbidity [5] .
Although commonly used for treating large renal calculi the use of a ureteric access sheath (UAS) is not universal and remains controversial. The UAS has been purported to improve irrigant flow and visibility, and thereby prevent harmful increases in intrarenal pressure. The UAS also allows the passive egress of stone debris and facilitates the active retrieval of stone fragments. These benefits come at the cost of a larger size, and care must be taken to prevent ureteric injury when inserting the UAS. Similarly, there is controversy over the removal of fragments. Many authors fragment the stone into tiny pieces which they expect can pass, but remove one or more for chemical analysis. Others may choose to remove most of the fragments to minimise the volume of stone that the patient must pass [8, 16] .
These series of large (>2 cm) renal calculi treated ureteroscopically show the success of this procedure and the low rate of complications. However, it might require more than one procedure to achieve the highest success rate. As noted in Table 1 , one ureteroscopic procedure cleared the large stone in a mean of 68% of episodes. This increased to 87% with a second procedure and 94% in a third procedure.
Larger stones have also been treated by UL. The earliest series of stones of >4 cm showed the potential utility of UL [27] , but there was a 13.8% rate of sepsis. This might have been prevented with the preoperative use of antibiotics for a week, as shown for PCNL with infected stones [28] . Mariani [22] more recently reported the potential for UL with less morbidity.
UL must be compared with the other available methods, including ESWL and PCNL. ESWL is the least invasive and has become the most popular procedure for renal calculi. However, the success rate strongly depends on the size, location and composition of the stone. The need for repeat procedures and for ancillary procedures increases sharply as the stone increases from 1 to 2 cm in diameter [4] . When comparing ESWL to PCNL for stones of >2 or 2.5 cm in diameter the evidence strongly supports the use of percutaneous procedures.
PCNL requires new access to the kidney and possibly several sites. Depending on the size of the tract developed, larger endoscopes up to 28 F can be used to deliver larger endoscopic lithotripters, such as the ultrasonic probe, to remove large volumes of stone expeditiously. Despite its high efficacy, PCNL is associated with increased morbidity, with the risks of bleeding, infection, other organ damage, as well as the discomfort of the procedure and the nephrostomy tube itself [5] . Simultaneous nephroscopy and retrograde ureteroscopy can give simultaneous access from two approaches without adding an additional nephrostomy [29] [30] [31] [32] .
There are very few studies directly comparing two or more techniques for stone treatment, and there are fewer for stones of >2 cm in diameter. In a comparison of ESWL and PCNL the latter was much more successful but had more complications [33] . A comparison of ESWL and UL assessed only lower-pole stones of 61 cm. The authors reported a higher but not statistically significant stone-free rate for UL [34] . It is impossible to relate these findings directly to larger stones.
The high success rate and low morbidity of UL for stones of >2 cm render it preferable to other methods, including ESWL and PCNL. It should be considered as a standard approach to treat large renal calculi.
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